Late-tectonic pegmatitic, aplitic and graphic granites intrude metasedimentary units of the Grenville Supergroup, Composite Arc Belt, in the Renfrew area of southeastern Ontario. Zoned molybdenite-bearing skarns occur at the contact of graphic pegmatites with mixed calcite-dolomite marble, para-amphibolite and gneiss at the Zenith molybdenite deposit. Distal skarns also are found, in the form of discordant veins within foliated marble. Mineral zoning in the skarn consists of diopside-microcline endoskarn plus exoskarn that grades, away from the intrusion, from a diopside-dominant to a tremolite-dominant metasomatic rock. Textural evidence indicates that tremolite was an earlier-formed skarn mineral in the diopside zone. Diopside is absent in the tremolite zone. These patterns are repeated in other similar occurrences of skarn in the area. Apatite grains formed during metasomatism contain primary high-salinity (≥30 wt.% NaCl eq. 
INTRODUCTION
Although skarns represent a very small volume percentage of crustal rocks, they have received a great deal of attention by researchers over the years, largely owing to their association with ore deposits (Au, Cu, Fe, Mo, Sn, W, and Zn-Pb) (e.g., Zharikov 1970 , Einaudi et al. 1981 , Burt 1982 , Ray & Webster 1991 , Meinert 1992 , Lentz 1998a . Of these, molybdenum-bearing skarns are probably the least studied. The majority of Mo skarns found in Precambrian shields are associated with leucocratic aplitic and pegmatitic granites and occur in carbonate rocks (Vokes 1963) . The southwestern part of the Composite Arc Belt, formerly the Central Metasedimentary Belt of the Grenville Province in Ontario contains numerous examples of U, Th, Mo and rare-earth element (REE) mineralization hosted by skarns, vein-dikes and pegmatites (e.g., Satterly 1957 , Vokes 1963 , Johnston 1968 , Karvinen 1973 , Malczak et al. 1985 , Lentz 1991 , 1996 , 1998b , Lentz & Suzuki 2000 . Several of these showings have been mined in the past or are potentially exploitable. In the study area, near Renfrew, Ontario, molybdenite production took place mainly during the two world wars, whereas radioactive minerals were mined in the mid1950s and between 1970 mid1950s and between and the early 1980s. Between 1915 mid1950s and between and 1943 , the Zenith deposit produced a few hundred tonnes of ore grading from 0.85 to 5% MoS 2 (cf. Carter et al. 1980) . Although the property was prospected for U and Th in the mid-1950s, these commodities were never exploited.
Reported here are the results of a field, mineralogical and reconnaissance fluid-inclusion study of the Zenith molybdenite-bearing skarn. To compensate for the limited exposure, a number of similar types of mineralization were also visited: the Hunt, Spain and Sunset Mo deposits, as well as two road-cut exposures. In this paper, I attempt to explain the mineralogical patterns and skarn formation. The skarn terminology follows the recommendations of Einaudi & Burt (1982) .
GEOLOGICAL SETTING
The Zenith deposit is located 13.3 km south of Renfrew, Ontario (lat. 45°23'33", long. 76°42'20") . This deposit and the other skarn occurrences studied are found within the Bancroft and Renfrew map sheets 2461 and 2462 (Lumbers 1982; Fig. 1) . According to the lithotectonic reinterpretation of the Grenville Province by Carr et al. (2000) , these occurrences of mineralization occur within the northern part of the Belmont Domain of the Composite Arc Belt (see also Easton 2000) . This domain comprises metavolcanic and metasedimentary rocks of the Grenville Supergroup, deposited largely between 1300 and 1200 Ma (Easton 2000 , and references therein), as well as early-to late-tectonic plutonic suites (e.g., Davidson 1986 ). Within the Composite Arc Belt, the Grenvillian orogenic cycle, which culminated with the Ottawan orogeny (ca. 1090-1100 Ma: Easton 1986), caused units of the Belmont Domain to be intensely deformed. Metamorphism in the northern part of the Belmont Domain reached upper amphibolite grade (Wynne-Edwards 1972 , Easton 2000 . Granitic pegmatites in the area give Rb-Sr whole-rock ages of ca. 980 Ma (Fowler & Doig 1983) , although these are now interpreted to be closure ages; emplacement is considered to have taken place between 1060 and 1010 Ma (Lentz 1991) .
The Zenith deposit occurs in a calcareous metasedimentary succession of amphibolite grade contained as xenoliths within the western margin of the deformed Hurd Lake Trondhjemite (Fig. 1) . The trondhjemite cross-cuts the country rock, which consists of interbedded marble, calc-silicate metasediments and quartzofeldspathic gneiss. Exposure in the area is poor, but near the main shaft, an intercalated package of marble and gneiss units is well exposed (Fig. 2, inset) , showing northnortheasterly strike and a steep westward dip. As observed in one of the trenches that were dug during mining operations, tight isoclinal folds are refolded by gentle folds plunging shallowly to the southwest; a faint subhorizontal axial-planar cleavage is related to the latter structure. Both metagranitic and metasedimentary rocks are cut by a pegmatitic granite. At the contact of the pegmatitic granite with the marble, discontinuous, relatively short and narrow lenticular bodies of skarn are developed; Quinn (1952) reported a typical size for a skarn lens to be about 15 by 5 meters.
Several rock units were recognized at the Zenith deposit (Fig. 2) . Cross-cutting relationships indicate that the oldest rocks are a metasedimentary sequence consisting of quartzofeldspathic, calc-silicate, and calcitic to dolomitic units. The quartzofeldspathic gneiss is fineto medium-grained, white to pink with very well-defined bands 1-2 cm thick, reflecting variations in feldspar and biotite + hornblende contents. The well-foliated calc-silicate metasedimentary unit is fine grained and dark brown in color. Compositional banding of less than cm scale can be observed on the weathered surface. Garnet porphyroblasts mark Al-rich layers; predominant mafic minerals are biotite and hornblende, with minor clinopyroxene. The amphibolite is dark colored, fine to medium grained, and is mainly composed of plagioclase, biotite and hornblende. Marble in the area is a medium-to coarse-grained, light-colored rock that occurs as thin units intercalated with the other metasedimentary rocks; it is made up of subequal proportions of calcite and dolomite, plus accessory amounts of phlogopite, tremolite, graphite and, locally, sulfides.
The foliated granitic rock attributed to the Hurd Lake Trondhjemite is light gray, fine grained (1 mm), and consists of feldspars (70%), quartz (10 to 20%) and biotite (≤5% to enriched pods containing up to 20%). In places, biotite is replaced by magnetite and occasionally occurs as veinlets that parallel the foliation as well as extensional fractures perpendicular to them. This after Quinn (1952) and Lumbers (1982) . The small, unlabeled stars indicate other Mo-bearing (± U) skarn occurrences (from Carter et al. 1980 ). metatrondhjemitic body cross-cuts the metasedimentary rocks, but a subvertical foliation in the two units is parallel, suggesting that emplacement took place before or during the last episode of Grenvillian deformation. The unfoliated pink to red pegmatitic granite is composed mainly of microcline (optically determined; 40%), albite (35%), quartz (20%), and locally biotite and magnetite (<1%). It has a variable grain-size, ranging from aplite through medium-and coarse-grained granite to pegmatite; a graphic texture also is observed. Generally, the pegmatites are concentrated along the margins of the intrusive dykes, in contact with the country rock.
DESCRIPTION OF THE SKARN
Field observations and detailed mapping have revealed the occurrence of two main types of skarn: 1) proximal skarn, comprising endoskarn and exoskarn, which develop along the pegmatite contact with marble (remarkably well exposed at the Hunt deposit; maps in Carter et al. 1980 , Lentz & Suzuki 2000 , and 2) distal skarn, developed in marble but not found in direct contact with the pegmatite, possibly along pre-existing fractures in the country rock (vein skarn). The skarn has an overall medium green color, is coarse to very coarse grained, and is mineralized with disseminated flakes of molybdenite that range from 1 to 5 cm across. Pyrite and pyrrhotite also are present, but without magnetite. Fe sulfides are more abundant toward the granite contact, whereas molybdenite occurs in both proximal and distal skarn. Locally, the gneiss also has been metasomatized, taking on a light green color but retaining its fine grain-size and original foliation.
Although the skarn typically cross-cuts the granitic pegmatites, at the Spain deposit a pegmatite locally intersects distal Mo-U mineralized veins in the gneisses, indicating a penecontemporaneous origin of the pegmatites and the skarn. However, this observation led Karvinen (1973) to hypothesize a metamorphic-metasomatic (i.e., premagmatic) origin of the skarn.
Mineralogical zonation in the skarns
In the occurrences studied, zoning is not ubiquitous and commonly difficult to observe in outcrop. Nonetheless, by compiling various pieces of information, a typical pattern of zonation has been established (Fig. 3) . Endoskarn forms at the immediate intrusive contact of the pegmatitic granite with marble, and is well exposed in a trench at the Zenith deposit. This zone is typically only a few tens of cm in thickness and consists of variable proportions of K-feldspar, plagioclase and ferroan diopside.
The principal constituent of the exoskarn is coarse grained, commonly monomineralic, medium-green diopside. This is the most abundant type of skarn in the deposits, and has a maximum thickness of about 5 m (Quinn 1952) . Diopside forms large crystals (up to 30 cm across), commonly with a radiating texture (Fig. 4) . In thin section, it almost invariably shows numerous small inclusions of tremolite. Under crossed nicols, these inclusions all go to extinction at the same position upon rotation of the microscope stage (Fig. 5A) ; this texture suggests that the tremolite inclusions represent earlier-formed crystals that have been replaced by diopside. Pure white diopside crystals have been observed in distal skarn. Table 1 gives compositions of proximal (green) and distal (white) diopside.
In skarn further away from the intrusive unit, tremolite is the main mineral phase, plus minor amounts of carbonate or quartz. At the Sunset deposit, the pegmatitic granite was not found, although poor exposure could account for the apparent absence of such dykes. The large amounts of tremolite present suggest that the Sunset could be a distal skarn occurrence. Figure 5F shows a sample of distal skarn (SZ-16) displaying a zonation from diopside to tremolite and to marble at a cm scale (see also Fig. 6 ).
Locally, scapolite can be observed in the endoskarn as well as in proximal exoskarn, whereas titanite and ferroan phlogopite, although rare, may occur in proximal exoskarn, with green (Fe-rich) diopside. Apatite occurs as an accessory phase in exoskarn, both in the diopside-and (less commonly) tremolite-dominant zones. It forms relatively small (on average 1 ϫ 0.5 mm), subhedral to euhedral grains, and shows triple junctions with other skarn minerals (Fig. 5D ). This textural evidence suggests that the apatite crystallized during skarn formation. The very low phosphorus content found in unaltered marbles of the area (0.07 ± 0.15 wt.%, n = 1778; cf. Grant et al. 1989 ) is consistent with a metasomatic origin of the apatite. A noticeable characteristic of the skarn studied is the lack of garnet. Although it is a very common aluminosilicate in skarns (e.g., Kerrick 1977 , Einaudi et al. 1981 , Meinert 1992 , magnesian skarns typically do not contain garnet. The field of stability of grossular can be overstepped by scapolite stability (cf. Lentz 1998b , Pan 1998 , and the low f(O 2 ) indicated by the opaque mineral assemblage favors crystallization of ferroan diopside over andradite (Gamble 1982 , Lentz 1998b ).
FLUID INCLUSIONS
Accessory apatite found in these skarns commonly display well-developed growth zones, which are defined by trapped impurities and fluid inclusions (Fig. 5G ). As discussed above, the apatite is interpreted to be a primary skarn mineral; the fluid inclusions that were trapped along these growth zones are, therefore, interpreted to contain the skarn-forming fluid. The inclusions are small (<10 m) and have negative crystal shapes. In addition to those defining growth zones, other fluid inclusions occur dispersed within the single crystals of apatite. These are relatively large with respect to the host grain (10 to 100 m), i.e., a diameter up to 0.1 that of the crystal, which is one of the criteria listed by Roedder (1984) for distinguishing primary fluid inclusions. Other evidence for a primary origin of these inclusions include their abundance and random distribution within the host mineral. In addition, they have similar shapes and contain the same phases as the inclusions that define the growth zones. Both populations thus are of the same generation. The inclusions vary significantly in shape, but this is easily explained by the tendency of primary inclusions to orient themselves parallel to the c axis of the host crystal, especially in apatite (Roedder 1984) . Therefore, basal sections of apatite will yield hexagonal inclusions (Figs. 5G-H) . Any section cut parallel to the c axis or at an oblique angle to it will display inclusions with more or less elongate shapes (Figs. 5J-K) . Trains of inclusions can occasionally be found oblique to the crystallographic directions of the apatite grains, and commonly extend beyond grain boundaries; these inclusions are thus regarded as secondary. Morphologically, they are distinct from the inclusions recognized as primary, as they do not have negative crystal shapes.
A wide variety of types of primary inclusions are present within the same grain of apatite (Figs. 5D, 7 ). These were grouped into the following types of inclusions: type I: liquid-rich; type II: vapor-rich; type III: solid-bearing, three-phase or multiphase inclusions. The liquid-to-vapor ratio in type-I and type-II inclusions defines a continuum, from liquid-filled type-I to vaporfilled type-II inclusions. The solids contained in type-III inclusions commonly include a cube of halite (recognized on the basis of optical properties), plus birefringent solids (sulfates or chlorides?) and, on one occasion, a red to orange grain that could be a Fe-oxide (hematite?). Although solid-bearing inclusions commonly have small vapor bubbles, their liquid to vapor ratio is not constant.
The presence of primary, coexisting liquid-rich and vapor-rich inclusions can be explained by trapping aliquots of immiscible phases of a subcritical fluid. During phase separation, dissolved salt constituents are preferentially partitioned into the liquid phase. Thus, type-III inclusions likely represent the denser, more saline liquid. The fact that not all liquid-rich inclusions contain solids (i.e., type I) and that size and number of the solids contained in type-III inclusions vary, indicates that the solids were probably trapped.
Reconnaissance microthermometric analyses were performed on a few samples from the Zenith and the Spain deposits, using a Fluid Inc. adapted U.S.G.S. gasflow heating-freezing stage (Werre et al. 1979) calibrated using synthetic fluid inclusions supplied by SYNFLINC. Measurements of inclusions from the two deposits do not differ appreciably. Upon heating, most inclusions decrepitated before homogenization, at a temperature close to 350°C. Decrepitation is consistent with the presence of dissolved, high-density gases (e.g., FIG. 6 . Map of the mineral zonation in sample SZ-16 (Fig. 5F ). Solid circles indicate the location (not to scale) of inset 1 (diopside zone), 2 (contact between diopside and tremolite zones), and 3 (tremolite zone grading into unmetasomatized marble).
CO 2 ). However, double vapor bubbles were not observed at room temperature, nor was clathrate formation observed during sub-zero runs. This difficulty in detecting the carbonic phase may be a result of the very low X(CO 2 ) (≤0.1) typical of these types of skarn (see above). Only a few type-I inclusions homogenized, between 250 to 350°C, before decrepitating. Halite-bearing inclusions also decrepitated before homogenization, and in no case did the salt crystal dissolve before decrepitation. Sub-zero data for type-I and type-II inclusions did not differ significantly. First melting was observed between -60° and -40°C. Final ice melting took place between -23° and -35°C. These data indicate the presence of solutes other than NaCl. CaCl 2 is the most likely candidate for one of the other salts, as the eutectic of the H 2 O-NaCl-CaCl 2 system occurs at -52°C (Linke 1958) . The fluid composition may actually be more complex, as suggested by first melting observed at -60°C. The final ice-melting data correspond to average salinities of 30 wt.% NaCl equivalent (Potter et al. 1978) . However, these salinities should be considered minimum estimates because of the presence of halite in type-III inclusions. In addition, halite saturation and a CaCl 2 /NaCl weight ratio greater than about 1 (deter- mined from final ice-melting temperature), constrains these inclusions to contain roughly 45 wt.% CaCl 2 (cf. Williams-Jones & Samson 1990) . Microthermometric data are summarized in Table 2 .
PRESSURE AND TEMPERATURE DURING SKARN FORMATION
The metasedimentary rocks in the Renfrew area have undergone metamorphism to the upper amphibolite facies (Easton 2000) , corresponding to a temperature of 600° to 700°C and a pressure of around 700 MPa (e.g., Streepey et al. 1997) . Because the Mo-bearing skarns postdate deformation (see above), these conditions represent maximum estimates of the country-rock pressure and temperature at the time of igneous activity. After a period of tectonic quiescence of some 30-80 Ma (see above), the metasedimentary rocks were certainly at significantly lower P and T than those of peak metamorphism at the time of granite intrusion. On the basis of eutectic equilibria for H 2 O-saturated haplogranite and the fluorine content of the rocks, Lentz & Fowler (1992) estimated that the crystallization of pegmatites and aplites in this part of the Grenville Province took place at ~600°C and confining pressures of 300 to 400 MPa. The almost monomineralic character of the skarns studied and the absence of diagnostic minerals preclude an independent estimate of the local P-T conditions. Therefore, it is assumed that pressure and temperature prevailing during pegmatite emplacement represent the upper limits for the conditions existing during skarn formation. A pressure correction of 300 to 400 MPa on the homogenization temperature of the fluid inclusions corresponds to trapping temperatures of about 500°-550°C. Although these are approximations, temperatures between 500 to 600°C and pressures of 300 to 500 MPa are typical conditions reported for similar skarns (e.g., Bowman & Essene 1984 , Keith et al. 1989 , Meinert 1992 , Lentz 1998b .
MINERAL AND FLUID EQUILIBRIA
The process advocated for endoskarn formation is one of infiltration of Ca, Mg and Fe into the granite (Einaudi & Burt 1982) . Fe is enriched at and near the intrusive contact, and is reflected by the abundant sulfide mineralization and the Fe content of diopside (darker diopside occurs in proximal skarn). In distal assemblages the Fe/Mg decreases, which is reflected by the Fe content in diopside (cf. Table 1 ). This pattern is observed in reduced magnesian skarns with low to moderate f(S 2 ) (i.e., Po-Py) (e.g., Gamble 1982 , Lentz 1998 .
The mineralogical zonation observed in exoskarn, from the marble contact toward the granite, consists of marble, tremolite + carbonate or quartz, and diopside with tremolite inclusions. This sequence indicates progressive addition of silica to the protolith and can be represented by the reactions: 
According to reaction 1, calcite should be expected to precipitate in the tremolite zone. Although hydrothermal carbonate was observed in the tremolite zone, it is commonly not present in a three-to-one proportion with tremolite as expected. One possible explanation is that the skarn-forming fluid was locally undersaturated with respect to calcite. The presence of tremolite relics in diopside, observed in the rock closest to the intrusive body, suggests that the reaction producing tremolite (1) preceded the formation of diopside (2) in this zone. Further away from the intrusion, in the tremolite zone, reaction 2 did not take place, as indicated by the absence of diopside. The skarn mineralogy thus indicates that the chemical potential of SiO 2 , (SiO 2 ), decreases away from the intrusive contact, and, consequently, that the silica required to drive the above reactions to the right was supplied by the intrusive body. The association of pegmatites with aplites and the presence of a graphic texture observed in the granitic bodies related to the skarns (see above) are consistent with evolution of an aqueous fluid near the end of crystallization (Jahns & Burnham 1969 , Lentz & Fowler 1992 , London 1992 . Under magmatic conditions (P = 300 MPa, T = 650°C), an aqueous fluid can transport up to ~1.5 wt.% SiO 2 in solution (e.g., Anderson & Burnham 1967) . Advective mass-transfer through such a fluid could, therefore, have introduced sufficient silica to produce the observed assemblages.
The fluid-inclusion study revealed two important physicochemical characteristics of the metasomatizing fluid: 1) it was immiscible with respect to H 2 O and CO 2 , and 2) it contained dissolved salts. Addition of important amounts of a third component (NaCl) to the system H 2 O-CO 2 has the effect of raising its miscibility gap in T-X space (Bowers & Helgeson 1983a) well within the temperature range suggested for skarn formation, thus affecting the shape of mineral-stability fields and reaction curves. Modeling mineral equilibria in such a system requires the addition of a third dimension to conventional T-X(CO 2 ) binary diagrams. A schematic isothermal section through such a prism is depicted in Figure 8 . This illustration shows how addition of salt can cause immiscibility to occur: the fluid composition moves away from the H 2 O-CO 2 binary join, where the fluid is supercritical, into the liquid + vapor region, where tie-lines join the compositions of (H 2 O + NaCl)-rich liquids coexisting with CO 2 -rich vapors. A pseudobinary T-X(CO 2 ) section through Figure 8 , for pressure and temperature conditions near those esti-mated for the Zenith skarns, is depicted in Figure 9 (reactions corresponding to the univariant curves are shown in Table 3 ). This plot shows that the fluid behaved non-ideally at X(CO 2 ) as low as ~0.15, or probably even lower in view of the high salinity of the metasomatic fluid (cf. Bowers & Helgeson 1983b) .
A possible path in T-X(CO 2 ) space for a cooling orthomagmatic fluid is illustrated in Figure 9 . The absence of wollastonite, forsterite and talc from the skarn parageneses limits the temperature for skarn formation to the fields labeled I and II, which is consistent with the estimates proposed above (500-550°C). Formation of the diopside zone in proximal skarn can take place at conditions defined by field I in Figure 9 . The mineralogical changes occurring in response to the increasing (SiO 2 ) can be monitored on a SiO 2 -CaO-MgO compositional plot (Fig. 10) . Silica-saturated fluids are represented by the SiO 2 apex of the triangle. Marble composition plots on the calcite-dolomite join, or slightly above it, to account for minor amounts of SiO 2 present prior to skarn formation. The country rock, equilibrating in response to the introduction of SiO 2 -rich fluid, changed its composition along a line joining the marble's bulk composition to the SiO 2 apex. This shift causes reactions (1) and (2) to occur, successively, with formation of tremolite first, and then, replacing it, diopside. In Figure 10 are indicated the aqueous silica contents of a fluid at equilibrium with the various mineral assemblages [at 550°C, 300 MPa and X(CO 2 ) = 0.15]. A compositional field where diopside is the only stable phase between quartz and dolomite exists on the CO 2 -rich side of the T-X(CO 2 ) diagram in Figure 9 (not shown); however, this paragenesis was probably not important in view of the evidence for tremolite formation before diopside, and of the excessive CO 2 content of the fluids required [typical X(CO 2 ) values in infiltrative magmatic skarn fluids reported in the literature are between 0.01 and 0.1; e.g., Kerrick (1977) , Taylor & O'Neil (1977) , Bowman & Essene (1984) , Bowman et al. (1985) , Kwak (1986) ].
As mentioned above, reaction (2) did not occur in the tremolite zone. As the fluid infiltrated further into the host rock and cooled, the bulk composition crossed a reaction surface into field II in Figure 9 . Here, diopside is not stable, and tremolite is the only calc-silicate more stable than quartz plus dolomite. Alternatively, it could be envisaged that the silica activity of the fluid was never sufficiently high to move the composition of the rock to the diopside-present field of the triangle in Figure 10 .
CONTROLS ON MOLYBDENITE MINERALIZATION
In the Zenith as well as in the other deposits visited, Mo mineralization is in the form of molybdenite flakes. Even though Ca activity must have been high in the mineralizing fluid, powellite (CaMoO 4 ) was not found. This absence can be explained by the relatively low f(O 2 ) in the fluid, as indicated by the association of pyrite and pyrrhotite with molybdenite, plus the presence of CO 2 , both of which inhibit the formation of this phase (Hsu 1977 , Darling 1994 .
Field observations have shown that in all occurrences studied, molybdenite is spatially restricted to the skarns. It follows that molybdenum was transported in solution by the metasomatizing fluid. As discussed earlier, this fluid probably exsolved during pegmatite emplacement, which is consistent with the findings of Burrows & Spooner (1987) complexing was probably not effective in transporting Mo. However, since boiling partitions H 2 into the vapor, the metasomatic fluid was likely relatively alkaline. Under these conditions, oxyacid complexing of Mo is favored, such as H 2 MoO 4 0 , or, in view of the elevated content of alkalis, NaHMoO 4 0 and KHMoO 4 0 , which have been shown to permit significant transport of this metal in solution (e.g., Kudrin 1986 , Wood et al. 1987 .
A decrease in oxygen fugacity could destabilize oxyacidic complexes. It is plausible that conditions were reducing after the fluid reacted with the graphite-bearing marble. In addition, reduction of orthomagmatic SO 2 would increase H 2 S (and HS -) activity, thus triggering molybdenite precipitation.
SUMMARY AND CONCLUSIONS
The skarn at the Zenith Mo deposit, as well as other similar skarns in the Renfrew area of the Composite Arc Belt of the southwestern Grenville Province, occur at the contact between marble and post-tectonic granitic pegmatites. A prominent zonation developed in the skarn from the intrusive contact into the metasedimentary rock; it consists of diopside-bearing endoskarn plus diopside-dominated exoskarns, giving way to tremolitedominated skarn. Metasomatism is interpreted to have occurred in response to infiltration into the marble of an aqueous fluid derived from the granitic pegmatites. Fluid inclusions that sampled the metasomatic fluid were found defining growth zones within apatite crystals FIG. 9 . Temperature-X(CO 2 ) diagram depicting equilibria in the system SiO 2 -CaOMgO-NaCl-C-O-H at 300 MPa (plotted using the TWQ software of Berman 1988). The hatched area is an estimate of the host-rock temperature. The large arrows indicate a cooling path for a fluid exsolved from a granitic pegmatite, whereas fields labeled I and II are possible T-X(CO 2 ) domains for the formation of diopside and tremolite skarn zones, respectively. The compositional triangles indicate stable parageneses. Letters on reaction curves refer to the appropriate reaction in Table 3 . For clarity, only reactions involving the calcite -dolomite -quartz compositional triangle are shown. The dashed curve is an estimate of the H 2 O-CO 2 -NaCl miscibility gap for 35 wt.% NaCl [X(NaCl) = 0.0715; after Bowers & Helgeson (1983b) ]. This diagram represents a section crossing the L + V field (III) of the ternary diagram in Figure 8 .
in skarn. The fluid has a high salinity, is Ca-rich, and was immiscible at the time of trapping. In the diopside zone, introduction of silica into the marble via the aqueous fluid caused formation of tremolite, which was replaced by diopside as the a(SiO 2 ) of the rock increased with increasing water:rock ratio. Mineral assemblages in the SiO 2 -CaO-MgO-C-O-H system that are compatible with this model can be found at pressure, temperature, X(CO 2 ) that are consistent with the conditions that seem to have prevailed during skarn formation [500°-600°C, 300-400 MPa, X(CO 2 ) ≈ 0.1]. However, the absence of diopside in the tremolite zone indicates that during formation of the more distal skarns, the fluid was in a P-T-X(CO 2 ) window where the dehydration decarbonation reaction Tr + Cal → Di (Reaction 2) does not occur. Molybdenum mineralization in the skarn can be explained by metal transport in the metasomatic fluid by alkali oxyacidic complexing, followed by destabilization of these aqueous species and subsequent precipitation of molybdenite in response to a decrease in f(O 2 ) and an increase in proportions of reduced sulfur upon reaction of the orthomagmatic fluid with the carbonaceous metasediments. Figure  9 . Schematically, the bulk compositions of the marble and of the orthomagmatic fluid also are shown as well as, in italic numerals, equilibrium concentrations of aqueous silica [expressed as logm(H 4 SiO 4 ) 0 for the assemblages Cal-Dol-Tr, Cal-Di-Tr and Cal-Di-Qtz (calculated for 550°C, 300 MPa, and X(CO 2 ) = 0.15; thermodynamic data from Kerrick & Jacobs 1981 , Shvarov & Bastrakov 1999 . The dashed line indicates the path along which the composition of the skarn evolved owing to SiO 2 introduction in marble, causing the succession of reactions (1) and (2) 
